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FTP LP OF INVENTION 

The p.eseni i.»«..io» reU.es b,o.«ly .0 .he fieiJ of ccorabip.r,. vaccines. The 
vaccines « diccccd ,0 P ,e»c»,in 6 Coup A suepioe.ee, icfcc.io.s, which .., o.heewisc ccsul, i„ 
rheumatic fever. 

PArKfiROUN " » F THF INVENTION 

Acute rheumatic fever (ARE) is the major cause of heart disease in children around 
the world. The disease is rampant in developing countries where prevalence rates of rheumatic heart 
disease may be as highas35-40 per thousand individual, By one estimate, it affects nearly six miilon 
school-age children in ,ndia. Although the incidence of ARF in the United States and other Western 
countries declined markedly during the later half of the twentieth century, there has been a 
remarkable resurgence of the disease in the United States. 

Streptococci are a group of bacteria with the capacity to grow in chains. Many 
varieties are part of the norma, bacterial flora in humans and are not especially harmful. However, 
a particular subgroup of streptococcal bacteria, called Group A and represented by Su^^t^ 
pvoee nes. is a human pathogen. Between 20 and 30 millon cases of Group A streptococcal infections 
occnr every year in the United States alone. These cases include infections of the skin and throat, 
forms of pneumonia and a recently identified disease resembling toxic shock. The most common 
infection is acute streptococcal pharyngitis, or strep throat, which occurs predominantly in schoo.-age 
children. Strep throat qualifies as a major worldwide health problem if judged only by time lost from 
school and work and by the amount spent on related doctor's fees. 

Strep throat's toll is much greater, however. In as many as 4% of the pharyngitis cases 
that are untreated or treated ineffectively, the strep infection leads to ARF. Current attempts to 
prevent ARF rely on treatment of the pharyngitis with antibiotics. During a recent outbreak of ARF 
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in Utah, only a fourth of the patients sought health care prior to the onset of symptoms, and only a 
third recalled a recent sore throat. The finding that ARF may follow a subclinical infection in such 
a high percentage of individuals and the fact that access to health care in developing countries is not 
widely available serve to underscore the need for a safe and effective vaccine against Group A 
streptococci. 

The causal relationship between streptococcal pharyngitis and ARF was established 
over 50 years ago, yet the mechanism of the pathogenesis of the disease remains unclear. It is widely 
held that ARF is an autoimmune disease, and that in the susceptible host the infection triggers an 
immune response that leads to inflammatory and sometimes destructive changes in target tissues. 
Streptococci have been shown to contain antigens that are immunologically cross -reactive with host 
tissues (14, 20, 24, 26, 27, 35, 39 40, 41, 44, 55) and heart-crossreactive antibodies from patients with 
rheumatic fever have been shown to react with streptococci (15). However, it was also shown that 
sera from patients with uncomplicated pharyngitis also may contain heart-crossreactive antibodies 
(57), yet these patients do not develop clinical evidence of carditis. Until the significance of tissue - 
crossreactive antibodies in the pathogenesis of ARF is better understood, there remains a need to 
exclude potentially harmful epitopes from vaccine preparations. 

The surface M protein of Group A streptococci is the major virulence factor and 
protective antigen of these organisms (45). Group A streptococci have developed a system for 
avoiding some of the antimicrobial defenses of a human host. Strains of streptococci that are rich in 
M protein evade phagocytosis by PMNs and multiply in non-immune blood (45). Yet, resistance to 
an infection by these bacteria is possible if the host's body can produce opsonic antibodies directed 
against the M protein. Such antibodies will neutralize the protective capacity of the M protein and 
allow the streptococcus to be engulfed and destroyed by phagocytes. The development of secretory 
or mucosal immunity is also now suspected of playing an important role in preventing streptococcal 
infections. 
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there is an important need for a vaccine which has not only these properties, but which also is capable 
of raising protective antibodies to prevent sore throat, skin infections, deep tissue infections and 
streptococcal infections of the like that are not necessarily followed by rheumatic fever. The 
invention contributes to solving these important needs in human health. 



SUMMARY OF THE INVENTION 



This patent application is related to and is co- filed on the same day as patent 
application Serial No. ( ) entitled "RECOMBINANT MULTIVALENT M PROTEIN 

VACCINE" with named inventors James B. Dale and James W. Lederer (attorney's docket no. 
372.5672). 

The present invention provides recombinant M protein antigens. The antigens are 
constructed by recombinant DNA methods. They are comprised of amino acid fragments of serotypes 
of M protein, which fragments carry one or more epitopes that evoke opsonic antibodies against 
specific serotypes of Group A streptococcus and, if desired, when the fragments carry appropriate 
epitopes, also evoke protective antibodies. The fragments are either fused directly or linked in 
tandem by an amino acid linker to an appropriate carrier. The antigens are generally non- 
immunogenic (or not adequately immunogenic) because of their molecular size or for other reasons. 

The invention thus provides a recombinant fusion antigen comprising a gene encoding 
the carrier protein and an NH 2 or COOH- terminal M protein fragment carrying one or more epitopes. 
The recombinant antigen does not elicit antibodies which cross react with human heart or other 
human tissue. 

In accordance with the invention, there are provided mixtures of antigens which are 
serotype-specific comprising the same or different carrier. Such a mixture of selected antigens- 
carriers or "cocktail" provides immunogenicity against several serotypes (and if desired raise different 
protective antibodies). The recombinant fusion antigens are constituted of segments of the NH 2 



PCT/US93/08704 

WO 94/06465 

«,„,,„., porti—or the M pro.eina, which frngme... r.iee specific opsonic •««- 
- a,so provided which are connoted .< tb, COOH-.ermina, tragm.nta of ,h« M pro,,,.*. 
The O0OH-U,.h»l fragments -aisc protective ..tibocHes of ... muc.aa, o, secretory type. I. ■». 
nn.ige. with an nmi.o acid U.. .ho crie, and ,hc fragment o, .he M protein, which cries ,hc 
desired epitope, arc K.h.d i. tandem b, a. nmi.o acid li.be, described in p. d.Ui, hereinafter, 
which has .be c.paci.y P-omoU .be eo.formmio. c f ,he fangm... of the M protein . op„»,» .be 

exposure of .he epi.ope and .hos .0 optimally raise .he desired antibodies. 

The invention also provides (o, an antigen comprised of n carrier, which constitutes 

ft. carbony.urmi... portion of n serotype of M pro,.,. hM by , li.be- or f.sed direct,, to nn 

amino acid fragment of M protein. The carrier and fragment mn, be of the same o, different 

serotype. 

The invention also provides for carriers which are free of epitopes which elicit 

antibodies to serotypes of streptococcal M protein. 

The invention provides recombinant hybrid genes which nucleotide sequences encode 
for the antigens of the present invention and a method of construction of such genes. 

The invention further provides the new fusion genes or DNA fragments which code 
for the hybrid antigens and the transformed microorganisms (eukaryotes or prokaryotes) that express 
the hybrid antigens. 

The invention also provides avirulent microorganisms which are transformed with the 
genes of the present invention. These microorganisms are especially suitable for oral administration 
to and immunization of mammals, in particular humans. 

The invention provides for methods of administration of the antigens of the present 
invention in therapeutic compositions via oral, intranasal and parenteral routes of administration, to 
induce or evoke opsonic and/or protective antibodies against serotypes of Group A streptococcus. 
The administered compositions confer immunity to immunized mammals against Group A 
streptococci. 
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The invention provides vaccine compositions which are comprised of the antigens of 
the present invention and biologically acceptable diluents for administration to and immunization of 
mammals, in particular humans. The composition is administrable orally, whereby the antigens are 
released from the transformed microorganism and the desired antibodies are elicited, intranasally and 
parenterally. 

The invention also provides for broad spectrum protection and wide-ranging immunity 
against all serotypes of Group A streptococci, particularly rheumatogenic streptococci by the 
formulation of compositions of the antigens, either singly or in mixtures or "cocktails 1 '. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the DNA and deduced protein sequence of LT-B-M24 hybrid 

molecule. 

Figure 2 shows the immunoblot analysis of purified LT-B-M24 hybrid protein. 

Figure 3 shows the immunogenicity of LT- B- M24 in rabbits, as determined by ELISA. 

Figure 4 shows the order of the nucleotides and amino acid residues of an antigen of 
a fragment of M5 and a carrier of the COOH- terminal portion of M5. 

Figure 5 shows the order of the nucleotides and amino acid residues of an antigen of 
fragments of M5 and a carrier of the COOH -terminal portion of M5. 

DETAILED DESCRIPTION OF THE FIGURES 

The present invention and many of the attendant advantages of the invention will be 
better understood upon a reading of the following detailed description when considered in connection 
with the accompanying drawings wherein: 
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Figure 1 shows the DNA and deduced protein sequence of LT-B-M24 hybrid 
mo .ecule. The seouence of the fusion gene was confirmed from base 228 to the 3> end. The 
remainder of the LT-B seouence is from Cements (16). The Ncol site Unking the LT-B and M24 
components is indicated. The M24 subunit is underlined. 

Figure 2 shows the immunobiot analysis of purified LT-B-M24 hybrid protein. The 
purifi ed protein was e.ec.rophoresed on an SDS-polyacry.amide ge. and transferred to nitrocellulose 
paper. Coomassie blue stained a sing.e band with an apparent mo.ecu.ar weight of 14kDa (.ane A). 
The purified protein reacted with rabbit antisera against LT-B (lane B) and SM24 (1-29)C (lane C). 

Figure 3 shows immunogenic^ of LT-B-M24 in rabbits, as determined by ELISA. 
Three rabbits (o, ., * were immunized with 300 M g LT-B-M24 at time 0 and at 4 weeks (arrows) 
and sera collected at two-week intervals were assayed for the presence of antibodies against pep M24 
by ELISA. Titers are expressed as the reciprocal of last dilution of antiserum that resulted in an O.D. 
of *>.! at 580 nm. ELISA performed at various intervals after the initial injection of LT-B-M24 
revealed a brisk antibody response in all three rabbits, even after a single intracutaneous dose of LT- 
15 B-M24. 

Figure 4 shows a construct of 762 nucleotides coding for an antigen of 254 amino acid 
residues, as shown. The antigen is comprised of an M5 hapten fragment of 16 amino acids. The 
fragment is joined by a Bam HI restriction site to a carrier, which is the COOH- terminal half of MS. 
The carrier includes 2.5 C-repeals, which each commence with the tetrapeptide Asn-Lys-Ile-Ser. 
While there is no amino acid linker linking the fragment and carrier, the Bam HI is a suitable site for 

insertion of an appropriate linker. 

Figure 5 shows a construct of 852 nucleotides coding for an antigen of 284 amino acid 
residues, as shown. The antigen is comprised of three segments of M5 designated A, B and C, 
respectively. The C segment is joined by a Bam HI restriction site to a carrier, which is the COOH- 
terminal half of M5. The carrier includes 2.5 C- repeats, which each commence with the tetrapeptide 
Asn-Lys-Ile-Ser. While there is no amino acid linker linking the fragment and carrier, the Bam HI 
is a suitable site for insertion of an appropriate linker. 
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DETAILED DESCRIPTION OF THE INVENTION 

The above and various other aspects and advantages of the present invention are 
described hereinafter. All references above and hereinafter arc incorporated by reference, and 
identified in the Bibliography as numbered in the text. 
5 The invention provides for a recombinant hybrid streptococcal M protein antigen 

which elicits opsonic antibodies to a serotype of Group A streptococcus, which comprises a carrier 
linked by an amino acid linker to an amino acid fragment, the fragment having at least one epitope 
of a serotype of Group A streptococcal M protein. The fragment elicits opsonic antibodies to the 
epitope or epitopes of the target serotype, without eliciting cross- reactive antibodies to mammalian 

10 heart tissue antigens. 

It is also an embodiment of the present invention that the antigen of carrier and 
fragment are joined or fused together without the presence of a linker. 

The amino acid fragment is of a portion of a streptococcal M protein serotype of 
Group A streptococcus. The fragment is of a peptide size which is rion- immunogenic (or 

15 inadequately immunogenic) by itself. In that sense, the fragment may be considered a hapten if it 
were considered by itself. Where a hapten is defined as a low molecular weight determinant group, 
which by itself is non- immunogenic, but which becomes so when placed on a larger "carrier" molecule 
(11). If coupled to a carrier protein of appropriate size, haptens are capable of inducing a strong 
immune response in an animal or human. 

20 By the present invention, the recombinant hybrid proteins are selected to be 

constituted of amino- terminal (NH 2 ) fragments of M proteins which contain immunoprotective 
epitopes, which elicit opsonic antibodies to a target serotype of Group A streptococcal M protein. 
These fragments of the present invention do not contain cross- reactive or autoimmune epitopes to 
generate an autoimmune response directed to heart or other tissue antigens. As a consequence, the 
risk of developing ARF is minimized. The fragments of the M protein elicit antibodies of the opsonic 
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M5 auohasMborM.,. And to aomc extent, Ihia alao occurs with other M serotypes. According, 
i, , .ithin the scope 0< the invention that whan typ.-apecifieity is referred ,., this does .0, exclude 
some eroswenetivity be.ween certain shared strnc.nres of different sero.ypes. However, one sho.,d 
k aca,ef„ 1 ».o 1 a,h a ,s»chsh.,adepi l .p.s.ha,won,dc,„a,.,cac,wi,hhe.,t,issn..ret„b,e, cl nd«d 

Urn thaaeiected fr.gm.nU. AUoincl.ded am NH-mrmi... fragmen, which, in addition 
opsonic antibodies, al» contain epUopaa .hat nvohe prot.c.i.a secretory or »».«n, ...ibodtes. 

A mixture o, cocktail ol antigens is provided. The ...ige.s in the mixture conturn 
NHj „, COOH-.ermin.l Cragmenrs o. M protein 0. different serotypes which can elicit opao.ic and 
protective antibodies, respective,, to , wide r.nga of serotype, par.io.U.fy the -hematogenic 
streptococci. 

Thus, if it is desired in nccorda.a. with the invention to provide immunity against 
^coccus infections tha, „e lixely to cause rhau.a.ic ...er. DNA mofaouiea .if, be constructed 
„hich cod. fot NH,-o, COOH.terminai fragmen.a which contain epitopes that elicit opso.rc o, 



-10- 



WO 94/06465 



PCT/US93/08704 



protective to antibodies types 1, 3, 5, 6, 14, 18, 19, 24, 27 or 29 M proteins, for instance and linked 
in tandem by an amino acid linker or fused directly with an appropriate carrier. 

Examples of suitable NH 0 -terminal fragments of M protein for constructing antigens, 
which elicit opsonic anlibodies in an immunized animal arc described hereinafter. For M24, there 
is provided a 15 amino acid fragment of the order Val-Ala-Thr- Arg-Ser-Gln-Thr- Asp-Thr-Leu- 
Glu-Lys-Val-Gln-Glu. For M5, there is provided a 15 amino acid fragment of the order Ala-Val- 
Thr-Arg-Gly-Thr-Ile-Asn-Asp-Pro-Gln-Arg-Ala-Lys-GIu. For M6, there is provided a 15 amino 
acid fragment of the order Arg- Val-Phe-Pro- Arg-Gly-Thr- Val-Glu-Asn-Pro-Asp- Lys- Ala- Arg. 
For M19, there is provided a 15 amino acid fragment of the order Arg- Val-Arg-Tyr-Thr- Arg-His- 
Thr-Pro-Glu-Asp-Lys-Leu-Lys-Lys. For M3, there is provided a 15 amino acid fragment of the 
order Asp- Ala- Arg-Ser- Val- Asn-Gly-Glu-Phe-Pro- Arg-His- Val- Lys-Leu. For Ml, there is 
provided a 15 amino acid fragment of the order Asn-Gly- Asp-Gly- Asn- Pro- Arg- Glu- Val- He- Glu- 
Asp-Leu- Ala- Ala. For M18, there is provided a 15 amino acid fragment in the order Ala-Pro- Leu- 
Thr-Arg-Ala-Thr-Ala-Asp-Asn-Lys-Asp-Glu-Leu-Ile. For M12, there is provided a 15 amino acid 
fragmentof the order His-Ser- Asp- Leu- Val- Ala- Glu- Lys- Glu- Arg- Leu- Glii- Asp-Leu- Gly. These 
NH 2 - terminal fragments will elicit opsonic antibodies in immunized animals when linked or fused 
to an appropriate carrier, which carrier may also favorably elicit desirable antibodies. These, as well 
as other antigens of the present invention may be administered to a mammal as a cocktail or mixture 
to elicit broad -spectrum antibodies. In such fashion, broad spectrum immunity is provided to 
immunized mammals against Group A streptococci. 

It is important to note that the invention is not limited to a particular amino acid 
sequence, wherever amino acid sequences are referred to or described, as above. In any particular 
amino acid sequence or fragment referred to herein, any one or more amino acids can be removed, 
substituted or replaced by some other amino acid(s), providing that the desired epitopes are not 
adversely affected by such changes in the primary structure of the protein fragments. Indeed, this 
is a quite common occurrence for the M protein among various strains within the same serotype. This 
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cendency of variation in the sequence of Ihe M protein has been shown for several such M proteins. 
(9 and 23). 

Accordingly, any single fragment of a given serotype encoded by a gene may have its 
sequence altered, so as ,o carry multiple epitopes for a multitude of strains within the same serotype. 
,„ this fashion, a single antigen will elicit desirable antibodies to a number of strains within the same 
serotype. It is therefore an important concept of the invention that once reference is made to a 
particular serotype (i.e., of any one of the known or to be discovered serotypes, e.g., 1-82), reference 
is not intended to one single strain of a type, but to the various strains within the serotype. Thus, not 
only is it a fundamental concept of the invention to provide a vaccine of a cocktail or mixture against 
different serotypes, but also a vaccine directed to different strains within that particular serotype. 

Thus, in accordance with the invention, there is provided a vaccine which is effective 
against not only different serotypes of M proteins, but also against various strains within the 
individual serotypes. 

The amino acid linker sequences ideally contribute to the maximum accessibility of 
the epitopes of the fragments so as to generate the desired antibodies. Thus the linkers may function 
to influence the orientation, conformation or other aspects of the amino acid fragment -carrier 
molecule. Ideally, the linkers contribute to the orientation so that the hybrid molecule, or at least the 
amino acid fragment, mimics the native molecule. 

The linker amino acid sequence is provided by construction of a gene coding for the 
desired M protein amino acid sequence and carrier with a restriction site to permit insertion of the 
DN A coding for the linker between the sequences of the fragment and the carrier, which linker links 
the carrier and fragment in tandem. Illustratively, such a linker is a proline-rich linker of Pro-Gly- 
Asn-Pro-Ala-Val-Pro. Other amino acid linkers may be used such as Ile-Pro-Gly, Asp-Pro- Arg- 
Val-Pro-Ser-Ser or His-Gly. An amino acid linker of Asp-Pro- Arg- Val-Pro-Ser-Ser or its 
equivalent is also considered suitable. While in theory, a linker could be constituted by one amino 
acid, so long as the desired immunoreactive conformation is achieved, longer linker regions may be 
more suitable to optimize the immunogenicity of the epitopes. 
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The effect of the different linkers on the immunogenicity of the hybrid molecule may 
justify further investigations. It is not excluded that, depending on the type and number of the amino 
acids of the linker, a hybrid antigen of ideal or close to ideal high immunogenicity may be identified. 

A linker of hydrophobic acids is most desirable, such as tryptophan, alanine, leucine, 
„ 5 isoleucine, valine, tyrosine, phenylalanine, proline, methionine and combinations thereof. The linkers 
may range in number from 2 to 30, providing that there is no adverse effect on the immunogenicity 
of the molecule. Quite satisfactory results have been obtained with a two amino acid linker of His- 
Gly, suggesting that such a small molecule may be satisfactory for M protein components. The 
sequence of the amino acids in any particular linker does not appear at this time to be critical. 

10 As described further below, linkers are useful but not essential to join the carrier and 

fragment. The carrier and fragment may be joined or fused together directly. 

According to the present invention, gene constructs are provided which encode an 
amino- terminal fragment of an M protein serotype linked with the COOH-terminal half of an M 
protein, which functions as a carrier. See Figures 4, 5 and 6. As shown therein, a Bam HI restriction 

15 site serves as a junction between the fragment and carrier. It is contemplated and within the scope 
of the invention that the restriction site be a suitable site for insertion of an appropriate amino acid 
linker. The COOH-terminal carrier may elicit protective mucosal or secretory antibodies to serotypes 
of M protein. These antibodies may play an important role in preventing colonization and infection 
by Group A streptococci. Such a carrier thus serves a dual purpose. It serves the function of 

20 introducing the epitope(s) present on the amino- terminal hapten fragment to the macrophages for 
processing and antigen presentation to helper T cells for generating a type-specific humoral response. 
And the carrier possesses epitopes which may elicit more broadly protective IgA antibodies at the 
mucosal or secretory level. These antibodies are more broadly protective than the type-specific 
opsonic type, as they share more homologous epitopes among the various types of rheumatogenic 

25 streptococci. In this fashion, such protective antibodies are advantageously of a cross- protective or 
cross -serotype nature. 
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the epitopes of the fragment. The carrier may be a molecule which is free of an epitope which elicits 
antibodies to a serotype of streptococcal M protein. An example would be the B subunit E. coli labile 
toxin (LT-B). Alternatively, the carrier may be selected from the COOH-terminal portion of the M 
protein which is not cross- reactive with human tissue, and which may favorably elicit protective 
mucosal antibodies. Or the carrier may be the COOH-terminal portion of surface proteins of gram- 
positive cocci, as described above. 

Other examples of suitable carriers may be keyhole limpet hemocyanin (KLH), tetanus 
toxoid, diphtheria toxoid, bovine serum albumin, hen egg Iysozyme, gelatin, bovine gammaglobulin 
and flagellin polymer. 

As shown in Figures 4 and 5, it is an embodiment of the present invention that the 
presence of linkers in the gene constructs, linking in tandem the fragment and carrier, is not required 
to elicit opsonic or protective antibodies in an immunized host. The fragment and carrier, in this 
embodiment of the invention, are fused directly to each other. A fusion antigen is suitable so long 
as the immunogenicity of the antigen is not adversely affected. The resulting gene constructs are 
fusion constructs. 

Alternatively, a linker of amino acids may be added by chemical means after the 
antigen is expressed, e.g. by treatment with succinimidyl-4-(N-maleiamido- methyl) cyclohexone- 1- 
carboxylate. 

It is also contemplated that the constructs of the invention be constructed to contain 
a fragment of the NH 2 or COOH-terminal region of serotypes, which are not known to have a 
rheumatogenic effect, as those types described above and in the literature. In those instances, where 
such fragments have not yet been sequenced or not yet been published, whether rheumatogenic or 
non- rheumatogenic, one skilled in the art can sequence such structures by methods readily available. 
The invention also includes the construction of hybrid constructs containing repeating amino- terminal 
or carboxyl-terminal M protein fragments using PCR. One skilled in the art can utilize homologous 
regions of published M protein (emm) gene sequences from Group A streptococci (GAS; Streptococcus 
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of base pairs of the genes encoding the desired NH 2 or COOH -terminal fragments of M protein. 
Additionally, the oligonucleotides encompass the right hand side of an appropriate restriction site at 
the 5' end, for instance NcoL The oligonucleotides are mixed in equimolar ratios, heated to an 
appropriate temperature and allowed lo anneal at ambient temperature. The appropriate plasmids are 
. 5 digested with restriction enzymes, and the cut plasmids are then purified. For instance, plasmid 
pPxl604 was digested with Nco l and Eco RV and purified from agarose gels over glassmilk 
(Geneclean, Bio 101, La Jolla, Ca). The synthetic oligonucleotide pairs of interest are then ligated 
into the cut sites of the plasmids. The plasmids containing the M protein fragments of interest are 
then used to transform an appropriate microorganism. For instance, E. coli JM105 is a suitable 

10 microorganism. Transformants are then screened by an appropriate method, e.g. dot blot analysis 
using appropriate antisera. 

For high level expression of the M protein antigens of the present invention, insertion 
of the selected gene constructs, encoding the antigens, into suitable plasmids is carried out. An 
example of a suitable plasmid is pKK223-3 (Pharmacia, Uppsala, Sweden). The genes are cut from 

15 suitable plasmids, for instance pPX1604, with appropriate restriction enzymes.' Suitable enzymes are 
EcoRl and Sal I. The selected genes are purified by cutting from agarose gels, klenow fragment is 
used to end repair the purified DNA. The purified gene constructs are cut with suitable restriction 
enzymes, for instance Eco Rl. The cut gene constructs are then ligated into the appropriate restriction 
sites of selected high expression plasmids. For instance, the cut genes are ligated into the Eco Rl and 

20 Sroa 1 restriction enzyme sites of pKK223-3 plasmids (53). The selected plasmids carrying the gene 
constructs of the present invention are then used to transform suitable microorganisms. For example, 
E. coli JM105 is transformed with the selected plasmids. Expression of the proteins is detected in a 
suitable fashion, such as by dot blot analysis using appropriate antisera. For example, the desired 
transformants were screened for expression of the gene encoding a NH 2 - terminal fragment of M24- 

25 LT-B carrier (subunit B of L coli labile toxin) by dot blot analysis using rabbit antisera against a 
synthetic peptide of M24, SM24 (1-29) C and rabbit antiserum against purified LT-B (16), kindly 
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Number 5,124,153 to Beachey et aL, and all references therein incorporated herein by reference. The 
bacterium is transformed with a plasmid encoding and expressing an antigen of the present invention. 
The antigen is released from the bacterium, whereby protective antibodies to the antigen of the same 
serotype as the immunizing antigen arc elicited, without eliciting antibodies which are cross -reactive 
5 with heart tissue antigens. Immunity against streptococci infection is thereby conferred to the 
mammal. 

The present invention encompasses administering orally multiple therapeutic 
compositions. Each composition comprises a hybrid antigen of a serotype of streptococcus. The 
compositions may be administered individually or as a mixture or cocktail of several compositions. 

10 In this fashion, a mammal is immunized against one or more rheumatogenic serotypes of Group A 
streptococcus. Broad spectrum protective immunity may therefore be established against all 
rheumatogenic streptococci. 

Any biologically acceptable carrier may be used. A biologically acceptable carrier may 
be PBS, as a non-limiting example. Particularly preferred is a dose of the therapeutic composition 

15 suspended in 25 ml of PBS, pH7.2 containing 5 mg/ml kanamycin sulfate and 1 mg/ml each of 
paraaminobenzoic acid (PABA) and 2, 3-dihydrobenzoic acid (DHB). 

In accordance with the invention, it is preferable that the plasmids which encode the 
M protein genes of the present invention be cloned first and expressed in Escherichia coli . Any other 
enteric bacilli of the coliform group such as Klebsiella or Enterobacter can be used, but normally E. 

20 coli is preferred. Therefore the plasmid carrying the M gene is isolated and purified and then a 
construct is built to transform the desired non- virulent bacteria, such as the araA-S. tvphimurium 
(SL3261). It is to be noted that this mutant strain exhibits a nutritional marker both for PABA and 
2,3- DHB. It is to be noted that another desired specie of S. tvphimurium is recA-g. tvphimurium , 
particularly strain Ty21a (17). 

25 It may be desired to obtain the M protein gene from a virulent strain of S. pyogenes . 

However, it is preferable to obtain the gene from an attenuated, non- virulent strain of S. pyogenes , 
or to fabricate the nucleotide sequence coding for the desired M protein. 
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It is to be noted that the non - virulent aro" Salmonella tvphimurium SL3261 which has 
been transformed with a plasmid containing a recombinant hybrid gene encoding a protein antigen 
expressed the M 5 protein molecule, which expression is confined almost exclusively to the S. 
tvphimurium cytoplasmic compartment. It is unique and unexpected aspect of this invention that an 
immunogenic and protective surface antigen such as the Streptococcal M protein antigen is expressed 
in the cytoplasm of the non-virulent host bacterium. 

Thus it can be seen that in accordance with the invention, the desired nucleotide 
sequence which codes for and expresses the protein antigen, which is effective to elicit opsonic and/or 
protective antibodies to streptococcal serotypes, can be cloned into a variety of hosts. In a broader 
sense therefore, the transformed host in which the nucleotide sequence is found after replication need 
not be heterologous with respect to the nucleotide sequence, nor does the sequence need to be 
heterologous with respect to the microorganisms. 

In accordance with a specific embodiment of the method of immunization of a warm - 
blooded animal, it has been shown that a) peroral administration of up to 1.65xl0 9 mutant non- 
virulent Salmonella containing the plasmid pMK207 encoding an antigen of serotype M5 was well 
tolerated in mice; b) plasmid mPK207 was extremely stable both in vitro and in vivo : c) the mice 
receiving the highest dose (10 9 ) of bacteria harbored the microorganisms in the liver for as long as 
three weeks without ill effects; d) the mice immunized orally with non -virulent transformed 
Salmonella expressing the gene developed opsonic serum antibodies as early as three weeks against 
serotype M5 Streptococci; and e) the immunized mice were completely protected at three weeks 
against intra- peritoneal challenges of the homologous serotype M5 (but not the heterologous serotype 
M24) Streptococci. 

It is noteworthy that no cross -reactive immunity is observed when the composition of 
the invention is administered orally. The cytoplasmic expression of the M protein antigen in the non- 
virulent bacterium is especially advantageous for this oral administration. The antigen is protected 
within the cytoplasm of the non-virulent bacterium from the acids of the stomach and other damaging 
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tissue antigens, especially those of the heart. 

The therapeutic compositions of the present invention may a»so be administered 
parenteral Mammals, in particular humans, immunized parenteral, wUh a sufficient amount of 
the therapeutic composition of the present invention develop opsonic and/or protective antibodies 
direc ted to the epitopes of the hybrid streptococca, M pro.in anti g en. Non-Hmiting examples of 

such parenteral routes of administration are intracutaneous and intramuscular. 

• • . inn 100 us of hybrid antigen emulsified in complete or 
For intracutaneous injection, 100-300 ug oi nyun s 

■ M < ^ -i — - — — " ■ — 1 A b ~ i " ' m '* ai °° " " b ° u ' * 

and at two- week intervals thereafter for eight weeks. 

A topical method of administration is also provided, namely intranasal. 

For intranasal administration, a mamma, received about 50 „ » about 10 mg of 
purified antigen in an appropriate diluent for administration. 

ln accordance with the invention, the therapeutic composition may be administered 
, ngly in series or advantageous* in a mixture or cocktail of multip.e compositions to elicit broad 

spectrum immunity versus Group A streptococci. 

Other advantages of the invention will appear from the non-limiting materials, 

methods and examples which follow. 
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EXAMPLE 1 

Purification of LT-B-M24 hybrid protein . The recombinant LT-B-M24 protein was 
purified from cell exiracls of JM 105 (harboring pEC.LT- B- M24) grown overnight in one liter of L- 
broth supplemented with 75 vg/m\ ampicillin, 25 yg/ml streptomycin and ImM 
isopropylthiogalactoside (IPTG, Bethesda Research Laboratories, Inc., Bethesda, MD). The cells were 
pelleted at7,000Xgand resuspended in 50 ml 100 mM carbonate buffer, pH 11, containing lOOjug/ml 
lysozyme, 1 mM ethylencdiaminetetraacetic acid (EDTA, Sigma Chemical Co., St. Louis, MO) and 
100 Mg/ml phenylmethylsulfonylfluoride (PMSF, Sigma Chemical Co.) and incubated at 37°C for 30 
minutes. The cells were centrifuged at 7,000Xg and the supernatant was dialyzed against distilled 
water and lyophilized. Purification was performed by loading 50 mg of hybrid protein extract onto 
a preparative polyacrylamide gel electrophoresis unit (Prep Cell, Model 491, Bio Rad., Inc.) using a 
37 mm column and a 9 cm 11% polyacrylamide gel. Six ml fractions were collected and assayed for 
the presence of recombinant protein by Western blot analysis using rabbit antiserum against pep M24 
(8). Fractions containing activity were pooled, dialyzed and lyophilized. 

EXAMPLE 2 

Immunization of rabbits . Rabbits were immunized intracutaneously with 300 ug LT- 
B-M24 protein emulsified in complete Freund's adjuvant. A booster injection of the same dose in 
saline was given four weeks later. Blood was obtained prior to the first injection and at two- week 
intervals thereafter for eight weeks. 
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EXAMPLE! 
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LD 50 was 



calculated using the method of Reed and Muench (52). 
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EXAMPLE 6 

Assay for M protein epitopes that evoke mucosal antibodies b roadly protective against 
infection . Rabbit anliscra were screened for ihc presence of broadly protective antibodies using 
passive mouse protection assays (20). Antisera were first tested for their ability to react with the 
surface M protein of multiple heterologous serotypes of Group A streptococci by ELISA. Those that 
recognized M protein epitopes in their native conformations were then used to passively protect mice 
against intranasal challenge infections. Antibodies were absorbed to virulent streptococci and mice 
were challenged intranasally with 10 7 CFU. Throat cultures were obtained on alternate days and 
deaths were counted over the ensuing 14 days. 

By way of the Examples, it is shown that the antigens of the present invention elicit 
opsonic and/or protective antibodies directed to epitopes on the antigens, and confer immunity to 
immunized mammals against Group A streptococci. The antigens may be advantageously mixed to 
form a cocktail. 

MATERIALS AND METHODS 
Construction and expression of LT-B-M24 fusion gene . Plasmid pPX1604, which 
contains the gene for LT-B, was kindly provided by Robert Brey, Praxis Biologies, Rochester, NY. 
pPX1604 is a derivative of pJC217 (16) and was modified to contain a small polylinker with three 
endonuclease restriction sites at the 3* end followed by transcription terminators in each reading 
frame (16). The M24 component of the hybrid gene consisted of a pair of oligonucleotides that were 
synthesized using an automated DNA synthesizer (ABI, model 381A). The oligonucleotides copied 
the first 36 base pairs of the emm 24 gene and included the right hand side of an Ncol site on the 5' 
end. The oligonucleotides were mixed in equimolar ratios in ligation buffer, heated to 65° and 
allowed to anneal at ambient temperature. Plasmid pPX1604 was digested with Ncol and EcoRV and 
the cut plasmid was purified from agarose gels over glassmilk (Geneclean, BiolOl, La Jolla, CA). The 

-25- 



PCT/US93/08704 

WO 94/06465 

synthetic M24 nucleotide I* » '*««> - *« «" PPX,6 ° 4 ' 
^.ion mix,.* - - - - — ,M105 ' T '" Sr °"" amS "~ S " ee " ed " 

•r 11 t rmm The Durifiod LT-B was kindly 
M24. SM24 (1 ■ 29)C. and r.bbil nntiscrnm »*-•" P»" M LT-B (lb). The pnrtl 

provided by Dr. John Clements, Tolane University. 

For high level exp-sion of the fori., pto.ein, U« LT-B-M24 gene was Ml into 
pKK223-3 (Pharmacia, Uppsal, Sweden,. Toe hybrid g e„e was cut (eon, pPXtbOd with E^B! and 
M and .be fragment was pnrified b, cn.ti.g N. a S n,.ae geb, K.e.ow fragment (53) was nsed ,„ 
,„d repair ,be purified DNA wbieb wns ,hen on. .Lb EcoRl and liga.ed into .be E^El »d SMgi 
restriction enzyme sites o, P KK223-3 (53). Tbe H 8 a.ion mixture was -d .0 „..sfor» JM.05 and 
expression of ,be LT-B- M24 hybrid protein wan detected by coiony bio, as described above. One 

u w • r.K 1023 3 that contained the hybrid LT-B-M24 gene (pEC.LT-B- 
positive Iransformant harboring pKK223-3 that contar e 

M24) selec.ed (or expression and purification of the ,eeot»bi».». protein- 

pN^Ming. The LT-B-M24 gene wna s.,„.need usingdonb.e-strh.d.d pl.sm.d 
DNA nnd ^-labeled dNTPs by the dideoxy chni.-termtnotio. method of Sanger (54). Synthetic 
oligonucleotides copying the sense strand of pKK223-3 nt tbe £co£l site, bases 289-303 of the LT-B 
g e.e nnd the ...ise.se s.cn.ds of .be Baffin site of pKK223-3 provided science d,u thm 
confirmed .be taction o, the „.„ codon of the LT-B component „, the gene, the position o, .be M24 
synthetic oligonucleotide pairs and the Ncol site. 

RRSULTS 

r „ ; , ;ivnfLT . P -M,4i h vhnd nrotein. Rabbits immunized with LT-B-M24 

developed high titers of antibodies against LT-B, pep M24 and SM24 (1 -12)C, as determined by 
ELISA (Table 1). Interestingly, the antibody titers against the synthetic peptide were equivalent to 
t hose against the native pep M24, suggesting that the majority of the M24 antibodies evolced by the 
LT-B-M24 hybrid recognized M protein epitopes in the native molecule. Immune sera from all three 
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rabbits opsonized type 24 streptococci, indicating that the M protein antibodies were directed against 
protective epitopes of the surface M protein (Table 1). None of the antisera cross- reacted with 
human myocardial tissue (data not shown). ELISAs performed at various intervals after the initial 
injection of LT-B-M24 revealed a brisk antibody response in ail three rabbits, even after a single 

5 intracutaneous does of LT-B-M24 (Fig. 3). 

The rabbit antisera raised against LT-B-M24 contained type-specific, bactericidal 
antibodies against type 24 streptococci (Table 2). All three antisera had significant bactericidal 
activity against type 24 streptococci, which in some instances was equivalent to that observed with 
antiserum against intact pep M24. None of the antisera had bactericidal activity against type 5 

10 streptococci, indicating the type-specificity of the M24 epitopes included in the LT-B-M24 hybrid 
protein (4). Passive mouse protection tests performed with antisera from rabbit #9146 indicated that 
antibodies against LT-B-M24 provided significant protection from death compared to pre -immune 
serum after intraperitoneal challenge with type 24 streptococci (Table 3). In a separate experiment, 
the LD 50 of type 24 streptococci in this assay was 1.5xl0 5 CFU after intraperitoneal injections of 

15 preimmune serum, whereas the LD 50 after giving LT-B-M24 antiserum was 2.5xl0 6 . 

It is to be understood that the examples and embodiments described above are not 
limiting and are for illustrative purposes only and that various modifications or changes in light 
thereof will be suggested to persons skilled in the art and are to be included within the spirit and 
purview of this application and the scope of he appended claims. 
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Table 3. Passive f TT _ B -M24 hybrid 

„ ith ty pe 24 streptococci *y antiser^ 



prote 



in . 




Antiserum* 

13 ,000 CFU 100,000 CFU 



5/5 8/8 

1/5 (P<-03)1 1/8 ^P^ 001 ' 

Anti - LT-B-M24 1/3 *P 



W -ere 9 ive„ ... - ser»» i.,. *« >™ 

».p. -ith — streptococci. Deaths - 

for one week. 

Wisticai anaiyses were perform usin, the risher exe« ««t 



on Multistat 



Software (Biosoft, Cambridge, UK) 
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CLAIMS 

I claim: 

1. A recombinant hybrid streptococcal M protein antigen which comprises a 
carrier fused to an amino acid fragment, the fragment having an epitope of a serotype of Group A 
streptococcal M protein, which elicits opsonic antibodies to the same serotype, without eliciting cross- 
reactive antibodies to mammalian heart tissue antigens. 

2. The antigen of claim 1, wherein the carrier and the fragment are linked in 
tandem by a linker comprising amino acids. 

3. A mixture of the antigens as defined in claim 1. 

4. The mixture of claim 1, wherein the fragments are of amino-terminal portions 
of different serotypes. 

5. The mixture of claim 4, wherein the serotypes are selected from the group of 
rheumatogenic streptococci. 

6. The mixture of claim 5, wherein the serotype is M24. 

7. The antigen of claim 1, which also elicits mucosal antibodies. 

8. The antigen of claim 1, wherein the carrier is free of an epitope which elicits 
antibodies to a serotype of streptococcal M protein. 
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■ tUn R oihunit of E. coli labile 

r Moim « wherein the carrier is ihc B suDunu u 

<>. The antigen of claim 8, wherein 

toxin. 

r i ■« 1 wherein the carrier is the C- repeal portion of a 
10. The antigen of claim 1. wherein tnu 

streptococcal M protein. 

„ The anligCT o, dri. .0, wh«» ft. 1. *• COOH.U, mi ».1 p.nio. rf 

the protein. 

12. The antigen of claim 11. wherein the protein is M5. 



13. The antigen 



of claim 2, wherein the amino acids are hydrophobic. 



r i • i* wherein the hydrophobic amino acids are selected 
14 The antigen of claim 13, wherein me nyu.u F 

from P o.p • W». ~* — "'^ '^"^ 

proline, methionine and combinations thereof. 

15 . The antigen of claim 2, wherein the linker is Pro-Gly- Asn-Pro-A.a- Va.-Pro. 

16. The antigen of claim 2, wherein the linker is His-Gly. 

! 7 a recombinant hybrid gene which nucleotide sequence encodes a recombinant 
hybri d streptococcal M protein antigen, the antigen composing a carrier fused to an amino acid 
fragm ent, the fragment having an epitope of a serotype of Group A streptococcal M protein, wnicn 
elicits opsonic antibodies to the same serotype, without eliciting cross- reactive antibodies to 
mammalian heart tissue antigens. 
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18. A therapeutic composition for oral administration to a mammal which elicits 
opsonic antibodies to a Group A streptococcus without eliciting antibodies which are cross- reactive 
with mammalian heart tissue antigens, which comprises a biologically acceptable diluent and an 
effective amouni of a recombinant hybrid streptococcal M protein antigen, which antigen comprises 
a carrier fused to an amino acid fragment, the fragment having an epitope of a serotype of Group A 
streptococcal M protein, which elicits opsonic antibodies to the same serotype, without eliciting cross- 
reactive antibodies to mammalian heart tissue antigens. 

19. A therapeutic method for eliciting opsonic antibodies in a mammal against a 
Group A streptococcus without eliciting antibodies which are cross -reactive with mammalian heart 
tissue antigens, which comprises administering orally to said mammal in an effective amount, a 
therapeutic composition which comprises a biologically acceptable diluent and a non- virulent, live 
bacterium transformed with a plasmid encoding and expressing a recombinant hybrid streptococcal 
M protein antigen compartmentalized intracellularly, which antigen comprises a carrier fused to an 
amino acid fragment, the fragment having an epitope of a serotype of Group A streptococcal M 
protein, releasing the antigen from the dying bacterium, and eliciting opsonic antibodies to the same 
serotype, without eliciting cross- reactive antibodies to mammalian heart tissue antigens. 

20. The method of claim 19, wherein the bacterium is Streptococcus mutans which 
is non-cariogenic. 



WO 94/06465 



PCT/US93/08704 



ATG 

Met 


AAT 
Asn 


AAA 
Lys 


CTA 
Ley 


TGT 

Cys 


GCA 
Ala 


TAT 
Tyr 


CGC 
Arg 


AAC 
Asn 


ACG 
Thr 


GAA 
Glu 


TCG 

Ser 


AGC 
Ser 


GGC 
Gly 


GCA 

Ala 


TCC 
Ser 


CAA 
Gin 


AAA 
Lys 


TAT 
Tyr 


CTG 
Leu 


ACC 
Thr 


ACC 
Thr 


CCC 
Pro 


AAT 
Asn 


ACT 
Thr 


AGG 
Arg 


TCT 

ser 



Jer 

;aa 96 
;iu 

PAT 144 

Pyr 

AAG 192 
^ys 

SAC 240 
\sp 

hC?i 288 
rhr 

AAA 336 
Lys 

GCG 384 
Ala 

417 



Figure 1 



1/5 



WO 94/06465 



PCT/US93/08704 



14k- 




A B C 



Figure 2 



2/5 



WO 94/06465 



PCT/US93/08704 




Figure 3 



WO 94/06465 



PCT/US93/08704 



ATG 
Met 


GTC 
Val 


GGG 

Ala 


Thr 


Arg 


Ser 


CAG 
Gin 


ACA 
Thr 


GAT 
Asp 


ACT 
Thr 


CTG GAA 
Leu Glu 


AAA GTA CAA GAA 
Lys Val Gin Glu 


48 


GGA 

Gly 


TCC 
Ser 


AAC 
Asn 


AAA 
Lys 


ATT 
lie 


TCA 
Ser 


GAC 
Asp 


GCA 
Ala 


AGC 
Ser 


CGT 
Arg 


AAG GGT 
Lys Gly 


CTT CGT CGT GAC 
Leu Arg Arg Asp 


96 


TTA 
Leu 


GAC 
Asp 


GCA 

Ala 


TCG 
Ser 


CGT 
Arg 


GAA 
Glu 


GCT 

Ala 


AAG 
Lys 


AAG 
Lys 


CAA 
Gin 


TTA GAA 
Leu Glu 


GCT GAA CAC CAA 
Ala Glu His Gin 


144 


AAA 
Lys 


CTT 
Leu 


GAA 
Glu 


GAA 
Glu 


CAA 
Gin 


AAC 
Asn 


AAG" 
Lys 


ATT 
lie 


TCA 
Ser 


GAA 
Glu 


GCA AGT 
Ala Ser 


CGC AAA GGC CTT 
Arg Lys Gly Leu 


192 


CGC CGT 
Arg Arg 


GAT 
Asp 


TTA 
Leu 


GAC 
Asp 


GCA 
Ala 


TCA 
Ser 


CGT 
Arg 


GAA 
Glu 


GCT 
Ala 


AAG AAG 
Lys Lys 


CAA TTA GAA GCT 
Gin Leu Glu Ala 


240 


GAA CAA 
Glu Gin 


CAA 
Gin 


AAA 
Lys 


CTT 
Leu 


GAA 
Glu 


GAA 
Glu 


CAA 
Gin 


AAC 
Asn 


AAG 

Lys 


ATT TCA 
lie ser 


GAA GCA AGT CGC 
Glu Ala Ser Arg 


288 


AAA GGC 
Lys Gly 


CTT 
leu 


CGC 
Arg 


CGT 
Arg 


GAT 
Asp 


TTA 
Leu 


GAC 
Asp 


GCA 
Ala 


TCA 
Ser 


CGT GAA GCT AAG AAA CAA 
Arg Glu Ala Lys Lys Gin 


336 


GTT 
Val 


GAA 
Glu 


AAA 
Lys 


GCT 
Ala 


TTA 
Leu 


GAA 
Glu 


GAA 
Glu 


GCA 
Ala 


AAC 
Asn 


AGC 
Ser 


AAA TTA 
Lys Leu 


GCT GCT CTT GAA 
Ala Ala leu Glu 


384 


AAA 
Lys 


CTT 
Leu 


AAC 
Asn 


AAA 
Lys 


GAG 
Glu 


CTT 
Leu 


GAA 
Glu 


GAA 
Glu 


AGC 
Ser 


AAG 
Lys 


AAA TTA ACA GAA AAA GAA 
Lys Leu Thr Glu Lys Glu 


432 


AAA 
Lys 


GCT 
Ala 


GAG 
Glu 


CTA 
Leu 


CAA 
Gin 


GCA 
Ala 


AAA 
Lys 


CTT 
Leu 


GAA 
Glu 


GCA 
Ala 


GAA GCA AAA GCA CTC AAA 
Gly Ala Lys Ala Leu Lys 


480 


GAA 
Glu 


CAA 
Gin 


TTA 
Leu 


GCA 
Ala 


AAA 
Lys 


CAA 
Gin 


GCT 
Ala 


GAA 
Glu 


GAA 
Glu 


CTT 
Leu 


GCA AAA CTA AGA GCT GGA 
Ala Lys Leu Arg Ala Gly; - 


528 


AAA 
Lys 


GGA 
Ala 


TCA 
Ser 


GAC 
Asp 


TCA 
Ser 


CAA 
Gin 


ACC 
Thr 


CCT 
Pro 


GAT 
Asp 


ACA 
Thr 


AAA CCA GGA AAC AAA GCT 
Lys Pro Gly Asn Lys Ala 


576 


GTT 
Val 


CCA 
Pro 


Gly 


aha 

Lys 


Gly 


CA A 

Gin 


CCA 

Ala 


CCA 

Pro 


CAA 
Gin 


GCA 
Ala 


GGT ACA AAA CCA AAC CAA 
Gly Thr Lys Pro Asn Gin 


624 


AAC 
Asn 


AAA 
Lys 


GCA 
Ala 


CCA 
Pro 


ATG 
Met 


AAG 
Lys 


GAA 
Glu 


ACT 
Thr 


AAG 
Lys 


AGA 
Arg 


CAG TTA CCA TCA ACA GGT 
Gin Leu Pro Ser Thr Gly 


672 


GAA 
Glu 


ACA 
Thr 


GCT 
Ala 


AAC 
Asn 


CCA 
Pro 


TTC 
Phe 


TTC 
Phe 


ACA 
Thr 


GCG 
Ala 


GCA 
Ala 


GCC CTT 
Ala Leu 


ACT GTT ATG GCA 
Thr Val Met Ala 


720 


ACA 
Thr 


GCT 
Ala 


GGA 
Gly 


GTA 
Val 


GCA 
Ala 


GCA 
Ala 


GTT 
Val 


GTA 
Val 


AAA 
Lys 


CGC 
Arg 


AAA GAA GAA AAT TAA 
Lys Glu Glu Asp 


765 



Figure 4 



4/5 



WO 94/06465 PCT/US93/08704 



ATG 
Met 


GTC 
Val 


GCG 
Ala 


ACT 
Thr 


GTC 
val 


GCG 
Ala 


ACT 
Thr 


AGG 
Arg 


GCG 
Ala 


ACT 
Thr 


AGG 
Arg 


TCT 
Ser 


AAC 
Asn 


AAA 

Lye 


ATT 

lie 


TCA 

Ser 


GCA 
Ala 


TCG 
Ser 


CGT 
Arg 


GAA 
Glu 


GAA 
Glu 


GAA 
Glu 


CAA 
Gin 


AAC 
Asn 


GAT 
Asp 


TTA 
Leu 


GAC 
Asp 


GCA 
Ala 


CAA 
Gin 


AAA 
Lys 


CTT 
Leu 


GAA 
Glu 


CTT 
I^eu 


CGC 
Arg 


CGT 
Arg 


GAT 
Asp 


AAA 
Lvs 


GCT 
Ala 


TTA 
Ley 


GAA 
Glu 


AAC 
Asn 


AAA 
LVS 


GAG 
Glu 


CTT 
Ley 


GAG 
Glu 


CTA 
Ley 


CAA 

Gin 


GCA 
Ala 


TTA 
Leu 


GCA 

Ala 


AAA 

Lys 


CAA 
Gin 


TCA 
Ser 


GAC 
Asp 


TCA 

Ser 


CAA 
Gin 


GGT 
Gly 


AAA 
Lys 


GCT. CAA 
Gly Gin 


GCA 
Ala 


CCA 
Pro 


ATG 
Met 


AAG 
Lys 


GCT 
Ala 


AAC 
Asn 


CCA 
Pro 


TTC 
Phe 


GGA 
Gly 


GTA 
Val 


GCA 
Ala 


GCA 
Ala 



48 

96 . 

144 

192 

240 

288 

336 

384 

432 

480 

528 
576 

624 

672 

720 

768 

816 

855 



Figure 5 

5/5 



INTERNATIONAL SEARCH REPORT 



I nit. .uonal application No. 
PCTAJS93/08704 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(5) : A61K 39/02. 39/09; C07K 15/04; C07H 15/12 

US CL : 435/69.3, 252.3; 424/93P; 530/403; 536723.4, 23.7. 
According to International Patent Classification ( IPC) or to both national classification and IPC 

B. FIELDS SEARCHED ~ 

Minimum documentation searched (classification system followed by classification symbols) 
U.S. : 435/69.3, 252.3; 424/93P; 530/403; 536/23.4, 23.7. 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



X 
Y 



J. Exp, Med. 166, issued September 1987, E. H. Beachey, et al., 
"Protective immunogenicity and T lymphotocyte specificity of a 
trivalent hybrid peptide containing NH2-terminal sequences of types 
5, 6, and 24 in Proteins synthesized in tandem", pages 647-656, 
entire document. 

US, A, 5,124,153 (Beachey, et al.) 23 June 1992. See abstract 
and claims. 

US, A, 4,284,537 (Beachey) 18 August 1981. See abstract. 



1-8 
1-20 



1-16, 18 
1-16, 18 



fx] Further documents are listed in the continuation of Box C. See patent family annex. 



•L- 
■O" 



Special categories of cited do x w i ncnts ; 

documem defining the general stem of the art which ■ pot 
to be pert of perhciiler relevance 

earlier dcoancnt publiehed oo or after the b ile niatiora l filing die 



•x- 



1 filing date or priority 
date tod not m conflict with the tppfk*mb*ctoto\*d**M**tc 
pri n ciple or t h eory underlying the invention 

: chimed mvc 



I which may throw doubts on priority cbum(a) or which ia 
eked to e atabUah the pu bl i cat ion date of another c itat i on or other 
special reason (aa specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document pub tithed prior to the international filing date but later than 



considered novel or cannot be considered to involve an mventiveitep 
when the document ia taken alone 



considered to involve an inventive step when 
combined with one or more other ouch documents, 
being obvious to a person drilled in the ait 

r of the same pan 



Date of the actual completion of the international search 
22 October 1993 


Date of mailing of the international search report 

NOV 15 1993 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 20231 
Facsimile No. NOT APPLICABLE 


Authorized officer yj> 

THOMAS CUNNINGHAM * ^^/^ ? 
Telephone No. (703) 308-0196 



Form PCT/ISA/210 (second shect)(July 1992)* 



INTERNATIONAL SEARCH REPORT Intentional application No. 

PCT/US93/08704 


C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 


Braude et al M "Infectious Diseases and Medical Microbiology", 
published 1986 by W. B. Saunders Company (PA), pages 242- 
253, entire document. 


1-16, 18 



Form PCT/ISA/210 (continuation of second sheet)(July 1992)* 



